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Since a review of th e conditions u n d e r w hich siderocytes ap p ear will su p p o rt a hypothesis th a t it is an ageing ery th ro c y te a t least as stro n g ly as G riineberg's (1941a) th eo ry th a t it should be considered as a young cell, a search was m ade in blood films of stored m am m alian blood and large num bers of siderocytes were found.
The conditions affecting th e ra te of ap p earan ce of th e siderocytes were studied, an d it was found th a t adverse conditions w ould h a ste n th e ir appearance.
The relationship of th e siderotic m a te ria l to th e 4 easily split ' blood iron w as also considered, an d it seems probable th a t b o th are derived from a special a n d iden tical fraction of 'h aem o g lo b in ', a n d th a t th is phenom enon is re la te d to an in traco rp u scu lar bile p igm ent form ation.
The occurrence of siderocytosis a fte r th e ingestion of acety l phenylh y d razin e b y a 'n o rm a l' h u m an being w as followed, a n d a close correlation betw een siderocytosis, e ry th ro cy te d e stru c tio n an d u rin a ry siderosis as described b y P e y to n R ous (1918) is shown.
T he siderocyte ex tru d es its siderotic granules a n d rev erts to a sta te a t p resen t m o rp h o logically indistinguishable from th e n o rm al e ry th ro cy te, b u t appears to be susceptible of phagocytosis a t th is stage.
The application of siderocyte counts to clinical m edicine is suggested.
I n t r o d u c t i o n
V siderocyte is an erythrocyte which contains granules which can be stained by he Prussian blue reaction. These cells were so named by Griineberg (1941(1,6) , vho found them in large numbers in Mus musculus L. showing flex-tail anaemia. Ie was not entirely accurate, however, in stating th at such erythrocytes were inknown. Stainable iron in red cells had been reported at the end of the last ientury (Macullum, 1895; Erlich & Lazarus 1898) and also in 1928 (Proescher & Vrkush) . Doniach, Griineberg & Pearson (1943) reported siderocytes in adult luman blood in one case of biliary cirrhosis with splenectomy, in four cases ollowing splenectomy and in two cases of chronic uraemia. Griineberg had concluded that the siderocyte was a young erythrocyte, also hat the iron was anabolic, and probably not associated with the 'easily split' flood iron (e .s .i .) studied by Lemberg & Legge (1939) , Legge & Lemberg (1941) md by Barkan (1927) .
He (Gruneberg 1941a) had also noted that the livers of the anaemic mice contained onsiderable deposits of stainable iron (haemosiderin). A consideration of the conditions in which the siderocyte had been found, gnoring for a moment the genetical anaemia of the mouse, the aetiology of which 3 at least obscure, would, a priori, suggest that the siderocyte was an ageing rythrocyte. If this were to be true, it becomes probable that the iron is catabolic, md thus might provide a source for the e .s .i ., and also for the hepatic siderosis of Irimeberg's mice. Griineberg, however, had produced indisputable evidence that the siderocytes in the flex-tailed mice were confined to the intermediate cell generation, and were within a few hours of their liberation into the circulation. Nevertheless, it is possible for a cell to be near to both ends of its life cycle at a given moment. Barkan (1927) and Lemberg & Legge (1939) had shown that when the e .s .i . was produced, an intracorpuscular bile pigment formation took place, and later Lem berg & Legge (1943) produced intracorpuscular choleglobin and biliverdin in rabbits by the use of acetyl phenylhydrazine. Rous (1918) described siderotic granules in the urine of patients suffering from either pernicious anaemia or haemochromatosis, and suggested that these might be used as a diagnostic method.
Since these studies were well under way, and between the writing of the pre liminary results (Case 1943) and their publication, Granick (1943) has reported the occurrence of non-haematin iron in erythrocytes in the teased spleens of the horse, man, guinea-pig and rabbit, and suggested that such cells were degenerating erythrocytes, and that the degeneration was produced by a secretion of cells lining the splenic sinusoids. Whilst these conclusions are in general true, the methods used by Granick are inadmissible, as the hydrogen sulphide reagent will produce siderocytic change in normal unfixed erythrocytes.
The following work, largely on stored blood, has been carried out in an attempt to elucidate the physiology of the siderocyte, and the results appear to link up with these apparently unconnected observations of other workers.
M e t h o d s a n d m a t e r i a l s
Staining technique. Thin blood films, made on glass slides, were air dried and fixed in methyl alcohol. They were then stained as follows: placed in strong yellow ammonium sulphide solution for 2 hr. Rinsed in tap water. Placed in a freshly prepared mixture of 2% potassium ferricyanide and 2% hydrochloric acid for 20 min. Rinsed. Differentiated for 30 sec. in 1 % hydrochloric acid in 95 % alcohol. Rinsed in slightly alkaline water (Birmingham tap water). Counterstained with 1 % eosin or 1 % Biebrich scarlet solution.
Since these preliminary studies were completed, a better staining technique, using acc'-dipyridyl and potassium thiocyanate in dilute hydrochloric acid has beer elaborated and described (Case 1944) and has now entirely superseded the am monium sulphide technique.
Quantitatively, however, the results are not influenced by this change of technique Counting. 1000 red cells were counted in each case, and the number of siderocytes noted. Only cells containing definitely blue-green granules were counted as siderocytes.
Haemoglobin estimations. These were carried out by the alkaline haematii technique of Clegg & King (1942) using a ' Spekker ' photoelectric absorptiometei and green filters. The standard error of estimate was ±1*0%.
Bile pigment estimations.
No attem pt to investigate the nature of the bile pig ment has been made in these investigations, but the total diazotizable pigment was estimated as bilirubin, using the method of King, Haslewood & Delory (1937) . The standards were made from pure bilirubin, and the ' Spekker ' instrument was again used.
Non-haemoglobin iron estimations. These were carried out by Dr Gaddie, of the General Hospital, Birmingham, using the aa'-dipyridyl method of Thorp (1941) .
Hanging-drop preparations were made in the following way. A drop of blood suitably diluted with isotonic saline containing a trace of acetyl phenylhydrazine was placed on a cover-slip with a drop of ferricyanide reagent adjacent to it. The cover-slip was inverted over a well in a slide, and the edges sealed with vaseline.
Clot-tubes were prepared by drawing out glass tubes to form a connected series of bulbs; these were filled with blood which was allowed to clot, the drawn-out portions broken and the ends sealed with paraffin wax.
Siderocytes
in mammalian blood
Urine examinations were made by centrifuging urine for 40 min. The tube was emptied and the drop remaining on the bottom was placed on a slide which was coated with a thin layer of dried human plasma. The drop was evaporated in an oven at 60° C, fixed with methyl alcohol, and stained in the same way as blood films. Only an approximate estimate of urinary siderosis was formed.
Human blood was obtained from donors in the blood donor service, and taken by the usual operators into either 3-8 % sodium citrate solution, using 100 ml. citrate and 440 ml. blood, or else 430 ml. of blood were taken into 100 ml. 3-0 % sodium citrate and 10 ml. 3 0 % glucose (M.R.C. glucose citrate).
Cat and dog blood was obtained from nembutal anaesthetized animals which were being submitted to other operative procedures.
The human subject (R.A.M.C.) was a healthy adult male, aged 28. E x p e r i m e n t s
(1) The appearance of siderocytes in stored blood
Blood, taken into 3-8% sodium citrate, was divided into two parts. Part 1 was inverted at every sampling, so that it was reoxygenated as well as mixed; part 2 was subdivided into 20 equal parts in sterile test-tubes, and each sample discarded after making the film. Slides were made daily for 19 days, the bloods being stored at 20° C. In addition, frequent non-haemoglobin plasma iron and bile pigment estimations were made on the oxygenated sample. The results are shown graphi cally in figure 2.
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It will be seen that siderocytes appear in both bloods after 24 hr., but that in the oxygenated blood the graph has an irregular cyclical tendency. The plasma iron and bile pigment increase in a parallel manner, and the amounts formed are com patible with the idea that they are formed from haemoglobin.
tim e in d ay s
The total erythrocyte count had not materially altered during the experiment, being 4-15 x 106 on the first day and 4-20 x 106 on the nineteenth day.
After the second day, iron granules, morphologically similar to the intracellular bodies, appeared free in the plasma, and the appearances suggested that they had been extruded from the erythrocytes. Occasionally leucocytes were seen containing iron granules, and as such intracellular granules had not been seen initially, it was concluded that the leucocytes had phagocytosed them.
Two more blood samples were examined, one taken into 3-8% sodium citrate, and one into M.R.C. glucose citrate. These were stored in a refrigerator at 4° C and shaken daily, films being made from blood withdrawn by a sterile needle and syringe through a rubber diaphragm in the stopper of the bottle. The results are shown in figure 3 . Again the irregular cyclicity is seen, but the first siderocyte peak appears at the fifth day in the blood with no carbohydrate and at the fifteenth day in the glucosepreserved blood.
(2) The effect of temperature 150 ml. of cat's blood were withdrawn into 10 ml. of 3*8% sodium citrate. This citrated blood was divided into three parts, one being stored at 4° C, one at 20° C and one at 37° C. Films were made hourly for 6 hr., then at longer intervals. The results are shown in figure 4. It is shown that siderocytes appear in cat's blood, and that within the limits stated cold inhibits the change and heat accelerates it. 3) The effect of oxygenation 50 ml. of dog's blood were withdrawn into 10 ml. of 3-8 % sodium citrate, and divided into three parts. One part was saturated with carbon monoxide and stored in a tube filled with this gas, and sealed with a rubber cap; one part was stored under 240 R. A. M. Case a 2 in. layer of sterile liquid paraffin, and one part in air. The bloods were stored at 20° C, and films made daily. It will be seen that the blood kept from contact with the air shows an early and well-marked siderocyte response, and that carbon monoxide produces an apparent inhibition of this change. (4) The effect of the anticoagulan Some of these experiments were repeated with heparinized blood, oxalated blood, and defibrinated blood. Results essentially similar to those in blood diluted with sodium citrate were obtained.
Siderocytes in mammalian blood
Clots were prepared in the special tubes as follows: (1) Fresh whole human blood was drawn up into three tubes and allowed to clot. (2) Blood from the same donor was taken into 3*8 % sodium citrate, placed in sterile centrifuge tubes and spun until the supernatant plasma was clear. This plasma was pipetted off into a sterile vessel. The surface layer containing an excess of leucocytes was removed from each tube with a capillary pipette and collected into one tube.
(3) The remaining red cells were then washed with three changes of Ringer-Locke fluid, and each time the top layer was removed and discarded. It was assumed that the remaining red cells were free from leucocytes, as none could be detected in a blood film after lengthy search. Both these cells and the cells with an excess of leucocytes were mixed with portions of the plasma to give the original haematocrit reading, the calculated amount of calcium chloride added, the bloods drawn up into the special tubes and allowed to clot. All the tubes were broken into lengths and the ends sealed. Some of each series were stored at 4, 20 and 37° C respectively. Bulbs were broken open daily, the clot fixed in methyl alcohol, and paraffin sections made. These were stained by the method described.
The tightness of packing of the red cells precluded accurate counting, but the siderotic granules appeared at apparently equal rates in each series of tubes, the rate being influenced by temperature as in the previous experiments.
Thus it appears that whilst the type of anticoagulant may influence the rate of appearance of the siderocytes, it does not determine their formation. The presence of leucocytes has no apparent influence on the phenomenon.
The action of chemical agents Blood was treated with a variety of chemical agents, chosen largely at random, with the exception of acetyl phenylhydrazine, which was selected because of its property of lowering the erythrocyte count in animals.
The results of the phenylhydrazine experiments are shown in table 1, and essen tially similar results were obtained using 400 % of potassium dichromate, silver nitrate, or lead nitrate, or 0-4 ml. % of carbon tetrachloride or carbon disulphide. I t is seen that a siderocytosis is produced in a relatively short time, and that this phenomenon is accompanied by a fall in the total blood pigment, amounting to between 4 and 7 % of the total value, and a corresponding rise in non-haematin plasma iron. There is also a rise in bile pigment, but phenylhydrazine and most of the other agents used destroy bilirubin in vitro. It also seems, from the results with acetyl phenylhydrazine, that a limit is reached after which no further breakdown of haemoglobin takes place.
d i n s o d i u m c i t r a t e d i l u e n t , t r e a t e d W ITH ACETYL PH EN Y LH Y D RA ZIN E FOR 3 H R. SlD E R O C Y T E COUNTS PERFORM ED AT THE END OF 2 H R. A C E T Y L PH EN Y LH Y D RA ZIN E ADDED AS
The siderocyte curve of human blood in 3-8 % sodium citrate was next followed. 500 fig. % of phenylhydrazine were added, and hourly siderocyte counts and haemoglobin estimations were performed. The results are shown in figure 6 . A second addition of acetyl phenylhydrazine was made after 12 hr.
The curve shows that there is a rapid siderocyte production; the granules then % disappear, and no second wave is produced by the addition of further reagent. There is a haemoglobin drop at the time of the siderocyte peak, about 6 % of the total pigment being degraded. * T he difference in th e in itial haem oglobin levels is p ro b ab ly d u e to ad so rp tio n o f pigm ent b y th e filter bed. placed in saturated sodium chloride solution, and examined with a microscope. When complete haemolysis was achieved, no cells were visible (Woodhouse & • Pickworth 1930) . The laked blood was divided into two parts, and one part was filtered through a Seitz K filter to remove stromata. Both aliquots were treated with various concentrations of acetyl phenylhydrazine, and haemoglobin estima tions performed after 3 hr. and after 18 hr. The results are shown in table 2. It will be seen that as no haemoglobin degradation was produced in either specimen, the integrity of the erythrocyte appears to play a part in the phenomenon of haemo globin breakdown.
| (7) Extrusion of the granules
Hanging-drop preparations were made in duplicate by the method described. One slide was immediately tilted to mix the staining reagent and the cells, and examined with the microscope. The extracellular fluid was free from formed struc tures, and the cells were relatively free from granules. The other slide was examined without mixing, and after about 1 hr. small retractile bodies, apparently linked together, appeared centrally in the cells, migrated to the periphery, and in many cases could be seen to pass through the cell membrane and float free in the extra cellular fluid. These granular structures then appeared as three or more granules apparently linked together. At this point the slide was tilted, and the staining reagent mixed with the drop of blood-mixture. I t was now possible to see th at the extracellular bodies gave a positive iron reaction, as did many of the granules in the cells.
This experiment was repeated using 1 % hydrogen sulphide solution in normal saline instead of acetyl phenylhydrazine, and omitting the iron reagent. Again granules formed in the cells, and became dark. Some of these granules were extruded.
in mammalian blood 243 (8) The susceptibility of the siderocyte to phagocytosis
Blood was taken into 3*8 % sodium citrate, and divided into three parts. One part was at once centrifuged and the buffy coat from about 200 ml. removed with a capillary pipette. This buffy coat was suspended in a little of the supernatant plasma and placed in an incubator at 37° C.
One part of the blood was stored in blood-bank conditions at 4° C, and the remaining part was treated with 500 jag. % acetyl pheny stand at at 20° C for 3 hr.
At the end of this time a part of the blood which had been stored at 4° C was* treated with 500 pg. % of acetyl phenylhydrazine. The buffy coat suspension was divided into three parts and the following preparations m ade:
(1) 1 ml. of buffy coat and 1 ml. of blood which had been kept at 4° C were mixed.
(2) A similar preparation was made of the blood stored at 4° C but treated with phenylhydrazine immediately before mixing.
(3) A similar preparation using the blood treated at 20° C for 3 hr. was made.
Aseptic precautions had been observed throughout all these steps. These preparations Were returned to the incubator for 1 hr., and shaken at 5 min. intervals. Films were then made from them stained for iron, and counterstained with a buffered Romanowsky stain (Hynes 1942 ).
An examination of the films revealed th at in preparation (1) the leucocytes remained indifferent to the erythrocytes; in preparation (2) many siderocytes were seen, and many polymorphonuclear leucocytes had ingested iron granules; in preparation (3) fewer siderocytes were seen, but much extracellular iron was visible. Many polymorphs had ingested iron granules, and some of the leucocytes, mainly mononuclears, had ingested erythrocytes. The erythrocytes appeared to be dis integrating into a granular mass of debris within the leucocytes, but only some of the ingested cells showed siderotic granules.
This experiment suggests that an erythrocyte becomes susceptible to phagocytosis at about the time that it becomes a siderocyte, or after the granules are extruded.
(9)
The effect of p h e n y l h y d r a z i n e in vivo, and the r of siderocytosis to urinary siderosis Acetyl phenylhydrazine is used therapeutically to reduce the erythrocyte count in polycythaemia rubra.
In view of the foregoing results it seemed possible that such a reduction would be preceded by a siderocytosis, and as the extruded granules offer an obvious source for the urinary granules of Rous, it seemed possible that the latter might also appear. The occurrence of high circulating siderocyte levels has been observed in untreated pernicious anaemia and in haemochromatosis, but this will be discussed in another paper.
0-1 g. of acetyl phenylhydrazine was administered daily for 4 days to a normal human subject. The blood count, siderocyte count, haemoglobin, and urinary siderosis examinations were made daily for 22 days. The results are shown in figure 7 . For the sake of clarity, the haemoglobin values are not plotted, but they followed the blood count exactly, a normochromic anaemia resulting. It is seen that the fall in blood count is accompanied by a marked siderocytosis, and th at during the recovery period, when young cells might be expected in the circulation, the siderocyte count falls to normal levels.
The urinary siderosis is obviously closely correlated with the siderocytosis.
D i s c u s s i o n
The foregoing results show th at siderocytes appear in the blood of the cat, dog and of man when it is stored or treated with certain chemical agents, some of which are known to cause anaemia in vivo (phenylhydrazine, salts of lead). Apparently all the red cells go through a stage as a siderocyte, but the siderotic granules are extruded, and the histological methods used afforded no morphological differentiation of cells in a pre-and post-siderotic phase. Thus the plotted curves of siderocyte levels become the expression of two factors, a wave of siderocyte pro duction and a wave of siderocyte disappearance which continuously modifies the first curve. Thus at no stage is a level of 100 % siderocyte count approached.
The oxygenation of the cell also plays a part, both in modifying the rate of siderocyte production and in altering the cyclicity of the change (figure 2).
The possibility that the change is reversible must be considered, and these studies yield no direct evidence on this point, though the steadily rising plasma iron and bile pigment curves are against such a hypothesis; it is difficult to conceive of such a reversal being possible after extrusion has occurred.
The experiments with blood stored under liquid paraffin show that a more com plete exclusion of air accelerates the change, if it may be assumed that liquid paraffin is inert, which is possibly an unwarranted assumption. Saturation with carbon monoxide produces an apparent inhibition of the change. Legge & Lemberg (1941) showed th at carbon monoxide would produce an apparent inhibition in the splitting off of the e .s .i .
Storing blood at different temperatures showed that cold would inhibit the change, and that heat would accelerate it, within the limits chosen (4-37 C).
Whilst it has been shown that the change will occur in clot, defibrinated blood, and bloods rendered incoagulable with a variety of substances, and that therefore the phenomenon is not determined by the anticoagulant, it is also shown that the composition of the anticoagulant may modify the rate of change. Thus in figure 3 it is seen th at the first significant wave of siderocyte production takes place on the fifth day in blood taken into sodium citrate, whilst the addition of glucose to the diluent retards this process to the fifteenth day.
These results are highly significant in the light of the work of Mollison & Young (1942) , who found that donor erythrocytes stored in citrate only would not survive on transfusion if the blood had been stored for more than 5 or 6 days, but that blood stored in citrate containing carbohydrate (glucose in many of their experiments) was as good as fresh blood until about the fourteenth day.
These figures are in accord with the theory that the siderocyte is an effete cell which is susceptible of phagocytosis, and will thus be removed from the circulation.
This concept is also borne out by the results of the buffy suspension experiments.
The clot experiments also show that the presence of phagocytic cells is not essen tial to the production of granules of stainable iron. The experiments of Muir & Niven (1935) had suggested that such cells were an essential in the degradation of haem pigment.
However, Barkan and Lemberg & Legge had shown that both iron and bile pigment could be formed from whole blood, and that the bile pigment was produced by an intracorpuscular mechanism. It is apposite to mention that acetyl phenylhydrazine was one of the agents used by them to demonstrate this vivo (Lemberg & Legge 1943) .
The experiments in figure 1 show th at concomitantly with the siderocyte produc tion there is a rise in plasma iron and bile pigment, and figure 6 shows that the siderocytosis is accompanied by a diminution of total pigment. These amounts vary slightly from blood to blood, but the total loss of pigment lies between 3 and 6 % of the whole. The increases in iron and bile pigment are of a similar order of magnitude, though the methods used for estimation of bile pigment are not sufficiently accurate to allow the results to be expressed as molecular equivalents.
The experiments with haemolysed blood suggest that the presence of an intact cell membrane plays a large part in the degradation process, though Barkan (1927) showed that the e .s .i . could be split off from laked blood. However, the agents used by him were of a somewhat more drastic character.
The results in figure 6 also suggest that the siderocytic change can only take place once in any given cell, and that only a definite fraction of the blood pigment can be degraded by this particular mechanism.
All these results lead to the conclusion that the siderotic granules are formed from a special fraction of the blood pigment, probably the same fraction which yields the e .s .i .
The hanging-drop preparations confirm the extrusion hypothesis, and the fact th at hydrogen sulphide solution can be used as an agent to produce siderocytosis in these experiments leads to the statement made in the introduction, that Granick's (1943) demonstration of what are certainly siderocytes in the spleen cannot be admitted on the grounds stated.
The experiment with acetyl phenylhydrazine vivo suggests that the hypothesis of the siderocyte as an effete cell is probably correct, and also supports the idea that this cell may be the source of the urinary granules of Rous (1918) . The experiment also indicates that siderocyte counts might be useful clinically in assessing haemolytic processes.
C o n c l u s i o n s 1. The siderocyte appears in large numbers in stored blood and in blood that has been treated with certain chemical agents. Phenylhydrazine is such an agent.
2. Apparently all erythrocytes in these experiments go through a stage as a siderocyte, but the granules are extruded, leaving a cell which is at present morpho logically indistinguishable from a pre-siderocyte erythrocyte.
3. As siderocytes have now been demonstrated in mouse, rat and man (Grimeberg 1941a, b);in guinea-pig, horse and rabbit (Granick 1943) and in cat and dog (Case 1943) , the cell is probably to be found in all mammals.
4. After an erythrocyte has become a siderocyte it becomes susceptible of phagocytosis, and is removed from the circulation in the intact animal.
5. The stainable non-haematin iron is derived from a special fraction of the haemoglobin, and the other side of the breakdown is bile pigment. Therefore, the iron should be regarded as catabolic, and closely associated with, if not identical with, the e .s .i . described by other workers.
6. The siderocyte is probably the source of the urinary siderotic granules described by Rous (1918) .
7. The siderocyte probably has importance in clinical medicine.
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T rapping w ith break-back tra p s provides a biased sam ple of th e p opulation, larger anim als being caught m ore readily th a n sm aller ones. In collecting from a rick, m ethods can be em ployed w hich yield a v irtu a lly com plete p opulation.
In th e absence of in form ation regarding age, w eight is a d o p ted as th e basis of classification. The criterion of fecundity a d o p ted for fem ales is th e presence of corpora lu te a in th e ovary an d for m ales th e presence of num erous sperm s in th e cauda epididym idis. 25 % alcohol or m eth y lated alcohol sufficiently preserved whole anim als w aiting for ex am ination in ho t w eather, w ith o u t m aking th e recognition of sperm difficult, or effecting an y significant alteratio n in w eight w hen dried.
The following inform ation has been o b tain ed for mice from th e four h a b ita ts : (a) They breed th ro u g h o u t th e year. (b ) The evidence is again st seasonal differences either in th e percentage n u m b er of a d u lt fem ales p reg n an t, or in th e n u m b er of em bryos per litter.* (c) The n um ber of nestlings p er litte r found in th e ricks v aried from 2 to 13, w ith an average of 5*83. C om m unal nests are quite com m on, (d) The sex ratio for u rb a n is 51-83% male, flour depots 50*43%, ricks 44*61% an d cold stores 48*19%. (e) Sex is correlated w ith w eight,* i.e. th ere is a preponderance of m ales in th e lighter w eight groups, an d of females in th e heavier w eight groups. ( /) F ecu n d ity in th e fem ale is reached in th e 7*5 g. w eight group in all four h a b ita ts, though th e percentage n u m b er reaching it in th e ricks an d particu larly in th e cold stores is m uch lower th a n in th e dom estic an d flour depot sam ples.* In th e male fecundity is a tta in e d a t a som ew hat heavier w eight, (g ) The p regnancy rates increase w ith th e w eight of th e m ouse in all four h a b ita ts, (h) The pro p o rtio n of fecund females p regnant during th e y ear is 0*2194 for u rb an , 0*3166 for flour depots, 0*4060 for ricks, 0*2653 for cold stores, (i) The an n u al litte r p ro d u c tiv ity is as follows: u rb a n 5*52, flour depots 7*97, ricks 10*22, cold stores 6*68 litters p er annum , (j) The average n u m b er of em bryos per p regnant fem ale is n o t significantly different betw een u rb an , flour d epot an d rick sam ples, giving an average of 5*60;* th a t for th e cold stores is significantly higher, nam ely, 6-37.* There is no correlation w ith w eight of th e p aren t.* (fc) On an average a larger n um ber of em bryos were * S ta tistic a lly significant.
